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Abstract.—This study describes the
stomach contents of 95 harbor por-
poises (Phocoena phocoena) killed in
groundfish gill nets in the Gulf of Maine
between September and December,
1989-94. The importance of prey was
assessed by frequency of occurrence,
numerical proportion, and proportion
of ingested mass. Atlantic herring
(Clupea harengus) was the most impor-
tant prey, occurring in 78% of noncalf
porpoise stomachs and contributing
44% of ingested mass. Pearlsides
(Maurolicus weitzmani), silver hake
(Merluccius bilinearis), and red and
white hake (Urophycis spp.) were com-
mon prey items. There were no signifi-
cant differences among diets of sex and
maturity groups. but the calf diet dif-
fered significantly from adults in num-
ber of Atlantic herring eaten and the
total mass of food consumed. At four to
seven months of age, calves were eat-
ing pearlsides, small silver hake, and eu-
phausiids (Meganyctiphanes norvegica)
while still nursing.
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Harbor porpoises (Phocoena pho-
coena) from the Bay of Fundy and
Gulf of Maine are believed to com-
prise a single population, hereafter
referred to as the Gulf of Maine
population (Palka et al., 1996; Wang
et al., 1996). To date, studies of the
food habits of this population have
been restricted to samples collected
in the Bay of Fundy during summer,
where porpoises feed primarily on
Atlantic herring (Clupea harengus;
Smith and Gaskin, 1974; Recchia
and Read, 1989; Smith and Read,
1992). Many porpoises leave the
Bay of Fundy in fall, moving south-
ward into the Gulf of Maine (Gas-
kin, 1977; Gaskin, 1984; Read and
Westgate, 1997). During winter, a
portion of the population disperses
over the continental shelf from New
England to North Carolina (Pola-
check et al., 1995; Read et al., 1996).

Because of their small size and
limited energy stores, harbor por-
poises must remain close to food
resources to avoid starvation (Koop-
man, 1994). Moreover, their un-
usual life history incurs high ener-
getic costs; most females attain
sexual maturity at three years of
age and give birth to a calf each year

(Read and Hohn, 1995). Lactation
lasts for at least eight months; thus
mature females spend most of their
lives simultaneously pregnant and
lactating. This intensive reproduc-
tive schedule requires calves to be-
come nutritionally independent at
a relatively early age, usually before
the end of their first year (Smith and
Read, 1992).

Large numbers of harbor por-
poises are killed each year in gill
nets in the Bay of Fundy, Gulf of
Maine, and Mid-Atlantic Bight
(Read and Gaskin, 1988; Read et al.,
1993; Bravington and Bisack, 1996).
For the Gulf of Maine, the estimated
average annual harbor porpoise
bycatch for 1990 to 1995 was 1800
(Bisack!). Little is known about the
process by which porpoises become
entangled in gill nets, and thus ef-
forts are hampered in mitigating this
conservation problem. Porpoises may
become entangled because they feed
on fish species targeted by the fish-

1 Bisack,K. 1996. Harbor porpoise bycatch
estimates in the U.S. Gulf of Maine sink
gillnet fishery: 1994 and 1995. Paper pre-
sented to the International Whaling Com-
mission Scientific Committee Meeting in
Aberdeen, Scotland, June 1996 (in review).
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ery or because they feed on the same
prey as the target species.

In this paper, we examine the stom-
ach contents of harbor porpoises in the
Gulf of Maine during autumn and in- 44°N 1
vestigate dietary differences amongst
various sex and maturity categories.
Our main objectives were to elucidate
seasonal changes in the harbor por-
poise diet and expand our knowledge
of the dynamics between porpoises and
their prey that may be responsible for

entanglement of porpoises in gill nets. 43N

Methods

Sampile collection

The sample consisted of 95 porpoises
killed in gill nets during autumn (1 .
September— 31 December) of 1989 and 4N :
1991-94. All porpoises were captured '
in bottom tending gill nets set for
groundfish, principally cod (Gadus
morhua), pollock (Pollachius virens),
goosefish (Lophius americanus), and
several species of flatfish. Most por-
poises were taken in the vicinity of

L

Jeffreys Ledge in the west central Gulf oW
of Maine, at water depths between 35
and 185 m (Fig. 1). All samples were
obtained by fisheries observers work-
ing onboard gillnet vessels. Observers
were instructed to retain whole por-
poise carcasses whenever possible, but
when sea conditions or other factors prevented re-
tention of carcasses, observers excised stomachs in
the field. Carcasses and excised stomachs were fro-
zen after the vessels returned to shore (usually 12—
48 hours post mortem) for later examination.

On the basis of age (determined from dentinal
growth layers and body length; see Read and Hohn,
1995) and reproductive condition (determined by
examination of gonads and mammary glands; see
Read and Hohn, 1995), porpoises were classified to
the following sex, maturity, and reproductive catego-
ries: porpoises were considered calves (less than one
year of age, not fully weaned), juveniles (older than
one year but sexually immature), or sexually mature.
The sex and maturity composition of the sample was
as follows: (males and females combined) calves =
13; female juveniles = 12; male juveniles = 18; fe-
male mature adults = 10; male mature adults = 34;
and unknown sex or maturity = 8. Because sample

71°W T°W 69°W

Figure 1

Capture locations of harbor porpoises taken during the autumn (1989-94) in
the Gulf of Maine sink gillnet fishery and used in this analysis of food habits.
The isobath shown is 91.4 m (50 fathoms). ’

sizes were small, pregnant (n=4), simultaneously
pregnant and lactating (n=5), and resting adult fe-
males (n=1) were pooled in the “mature female” group
for statistical analyses. However, to facilitate com-
parisons with the findings of Recchia and Read

- (1989), data for lactating and nonlactating mature

females are also presented separately.

Prey identification

The contents of all three stomach chambers were
examined in the laboratory. Intact prey were removed
first, then loose flesh was decanted. The remaining
stomach contents were poured through a 1-mm metal
sieve to separate hard parts from liquefied digesta.
Solid prey remains used for identification were sepa-
rated from other skeletal remains by hand. Struc-
tures used to identify partially digested food items
included sagittal otoliths, dentary bones, and skulls
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of teleosts; lower mandibles (“beaks”) from cephalo-
pods; tooth cusp plates (“combs”) from agnathans;
and exoskeletons and eyes from crustaceans. Prey
items were identified with the aid of a laboratory
reference collection and published guides, including
those of Bigelow and Schroeder (1953), Clarke (1986),
Harkonen (1986), and Scott and Scott (1988).

Prey importance

Relative food importance in the autumn diet of the
harbor porpoise was determined by 1) frequency of
occurrence, 2) proportion of numerical abundance,
and 3) proportion of total ingested mass. Frequency
of occurrence is the percentage of porpoise stomachs
containing a particular food type. Proportion of nu-
merical abundance is the number of individuals of a
prey species recovered from all stomachs, divided by
the total number of all prey from all stomachs. The

number of individuals from each fish species in each
stomach was determined by summing the number of
intact fish and half the number of free otoliths. The
number of either upper or lower beaks (whichever
were more abundant) from each species was used to
determine the number of squid present.

Proportion of prey mass is the percentage of total
prey mass in the stomach at the time of death that
was represented by a particular species. Reconsti-
tuted mass, or the mass of prey prior to ingestion,
rather than the existing mass of partially digested
prey, was used in this calculation. Reconstituted prey
masses were estimated from body lengths of intact
prey and the lengths of otoliths or cephalopod beaks
(Table 1). If a stomach contained more than 25
otoliths from the same species, all otoliths from that
species were counted, and a subsample of 25 was
randomly selected and measured. Otoliths were
scored on a scale from 0 (undamaged otoliths re-

Table 1

Equations used to estimate length and mass of harbor porpoise prey. ML = mantle length; H = hood length; M = mass; FL = fork
length: OL = otolith length; LRL = lower rostral length: and SL = standard length. Length is in millimeters and mass is in grams.

Prey species

Equations

Source

Bathypolypus arcticus
(North Atlantic octopus)

Clupea harengus
(Atlantic herring)

Gadus morhua
(Atlantic cod)
Illex illecebrosus
(Northern short-fin squid)
Loligo pealei
(Long-fin inshore squid)
Maurolicus weitzmani!
(Weitzman's pearlsides)
Merluccius bilinearis
(Silver hake)
Peprilus triacanthus®
(Butterfish)

Pollachius virens
(Pollock)

Scomber scombrus
({Atlantic mackerel)

Sebastes spp.®
(Rockfish)

Urophycis spp.*
(Red and white hake)

ML=154+1228H
InM = 1.06 + 2.55 InH

FL = 69.23 OL - 27.48
logM = 3.12 logFL - 5.41

In(FL/10) = 3.3138 + 1.6235 In(OL/10)
M =0.0124 (FL/10)>%

InM =1.773 + 2.4 InLRL

logML = 1.767 + 1.4 logLRL
M =0.25662 (ML/10)2-1582

FL =9.82 + 28.75 OL

M =0.3737 OL?5%
FL=209L-041

logM = -2.26 + 3.08 log(FL/10)

SL=-9.15919 + 25.01871 OL
logM = -0.67576 + 3.222 logOL

In(FL/10) = 3.251 + 1.6251 In(OL/10)
M =0.0134 (FL/10y>%

FL/10=17.33 OL +0.37
M = 0.00756 (FL/10)3-082
FL = 16.165 L1224

M = 0.0741 OL32%

FL/10 = 1.525 QL1456
M = 0.003998 (FL/101%-1718

Clarke, 1986
Clarke, 1986

Recchia and Read, 1989
Recchia and Read, 1989
Hunt, 1992

Bowen and Harrison, 1994

Clarke, 1962

Gannon et al., 1997b
Lange and Johnson, 1981

Harkonen, 1986
Harkonen, 1986
Recchia and Read.1989
Kohler et al., 1970
Present study (r2=0.983)
Present study (r?=0.924)
Harkonen, 1986

Bowen and Harrison, 1994
Recchia and Read, 1989
Kulka and Stobo, 1981
Harkonen, 1986
Harkonen, 1986

Clay and Clay, 1991
Clay and Clay, 1991

! Taxonomy of the genus Maurolicus has been revised recently (Parin and Kobylansky, 1996). The equations used to estimate M. weitzmani size
are those given by Harkonen (1986) for M. muelleri.

? Standard length range: 49-153 mm; weight range: 3-104 g; n = 44.

3 Equations given by Harkonen (1986) for 8. marinus.

1 Equations given by Clay and Clay (1991 for U. tenuis.




Gannon et al.: Food habits of Phocoena phocoena

431

trieved from skulls) to 5 (severely degraded, free
otoliths) following the methods of Recchia and Read
(1989). Otoliths categorized as 3 or higher were not
used in size estimations, unless no undamaged
otoliths were present. When only damaged otoliths
from a particular prey species were present in a por-
poise stomach, the available skeletal structures were
measured; consequently the reconstituted prey mass
for that stomach may have been underestimated (see
Jobling and Breiby, 1986; Sekiguchi and Best, 1997)

These three measures of prey importance were
applied to data from the 82 noncalf porpoises as a
group and to each sex and maturity class. Food habit
studies in which different methods are used can yield
widely disparate results, making it difficult to draw
comparisons between studies (Gannon et al., 1997a,
1997b). Because one of the primary objectives of this
research was to obtain information on seasonal
changes in the diet, it was important for these data
to be treated in a manner similar to those of Recchia
and Read (1989) and Smith and Read (1992).

Results

Overall sample

Table 2 lists the numbers and mean sizes of 15 prey
taxa recovered from the 95 porpoise stomachs. At-

lantic herring (78%), silver hake (Merluccius bilinearis,
68%), pearlsides (Maurolicus weitzmani, 38%), and red
and white hake (Urophycis spp., 29%) occurred most
frequently in the stomachs of the 74 noncalf porpoises
(Table 3). Atlantic herring represented only 7% of
the food by proportion of numerical abundance but
accounted for 44% of ingested mass. Pearlsides ac-
counted for 67% of food by proportion of numerical
abundance but only 3% by ingested mass, owing to
their small size. The unknown fish present in por-
poise stomachs may have been alewives (Alosa
pseudoharengus) but this could not be determined
with certainty. Both red and white hake (Urophycis
chuss and U. tenuis) were present; however it is dif-
ficult to differentiate between small, eroded otoliths
from red and white hake, therefore all Urophycis
otoliths were grouped together. Atlantic hagfish
(Myxine glutinosa) and euphausiids (Meganycti-
phanes norvegica) were included in analyses of fre-
quency of occurrence only because the numerical
abundance and mass of these two species were diffi-
cult to estimate. To allow comparisons to be drawn
with the summer diet, data from Recchia and Read
(1989) are also given in Table 3.

Figure 2 shows length-frequency distributions for the
three most abundant prey: pearlsides, silver hake, and
Atlantic herring. On average, Atlantic herring was the
largest prey consumed by length (254 mm +36 SD) with
arange from 159 to 339 mm. The average fork length

Table 2
Number and mean sizes of food items present in the stomachs of harbor porpoises sampled in the Gulf of Maine during autumn.
ML = mantle length, FL = fork length, and SL = standard length. Present = present in porpoise stomach contents but numerical
abundance not determined.
Mean Mean

Length length + SD mass + SD
Food item n measurement (mm) (g)
Bathypolypus arcticus 1 ML 52 48
Clupea harengus 507 FL 254 + 36 133 £ 56
Gadus morhua 5 FL 241 + 133 137 + 201
Illex illecebrosus 18 ML — 55 + 22
Loligo pealei ] ML 129 + 30 68 + 29
Maurolicus weitzmani 5898 FL 504 09102
Meganyctiphanes norvegica present — — —
Merluccius bilinearis 1605 FL 164 + 96 65 + 88
Mpyxine glutinosa present — - —
Peprilus triacanthus 38 SL 97 + 12 247
Pollachius virens 76 FL 195 + 101 136 + 130
Scomber scombrus 15 FL 224 + 53 127 £ 91
Sebastes spp. 47 FL 37+3 0.7+£0.2
Urophycis spp. 474 FL 159 + 146 111+ 172
Unknown fish 4 — — —
Milk present — — —




432 Fishery Bulletin 96(3}, 1998

. Table 3
Relative food importance, measured by frequency of occurrence (%FO), numerical proportion (%Num), and proportion of total
mass (%Mass), in the diet of noncalf harbor porpoises during autumn in the Gulf of Maine (present study) and summer in the Bay
of Fundy (Recchia and Read, 1989).
Gulf of Maine Bay of Fundy

Prey %FO %Num %Mass %FO %Num %Mass
Alosa pseudoharengus 0 0 0 3 <1 —
Bathypolypus arcticus 1 <1 <1 3 <1 <1
Clupea harengus 78 i 44 -~ 88 44 64
Gadus morhua 4 <1 31 14 14 14
Illex illecebrosus 10 <1 <1 6 1 <1
Loligo pealei 4 <1 <1 1 <1 <1
Macrozoarces americanus 0 0 0 2 <1 —
Maurolicus weitzmani 38 67 3 0 0 0
Meganyctiphanes norvegica 12 — — — — —
Merluccius bilinearis 68 16 22 41 33 19
Myxine glutinosa 7 — — — — —
Peprilus triacanthus 12 1 1 0 0 0
Pollachius virens 7 1 2 0 0 0
Pleuronectes americanus 0 0 0 <1 <1 —
Scomber scombrus 9 <1 1 6 1 2
Sebastes spp. 11 <1 <1 0 0 0
Urophycis spp. 29 7 26 13 3 2
Unknown fish 1 <1 <1 26 4 —

for silver hake was 163 mm (95

SD), with the length-frequency 140

distribution showing a strong peak T Ciupea harengus, n = 316

between 30 and 55 mm and an- 120 1 o136

other peak between 180 and 205

mm. The mean length of pear- 100 1

Isides was 50 mm (+4 SD), rang- 8

. 80

ing from 40 to 62 mm. 8

8 e

Diet of sex and ©

maturity categories 40

The stomach contents of calves 20 4

differed substantially from those . H!

of nutritionally independent por- 0. 4. 4 7 B 14 la 18 2 |/

poises. PearlsideS, silver hake’ and 30 55 80 105 130 155 180 205 230 255 280 305 330 355 380 405

euphausiids each occurred in more Fork Length (mm)

than half (7/13) of the calf stom-

achs (Table 4). Pearlsides (72%) Figure 2

and silver hake (26%) were the Length-frequency distributions of Clupea harengus (Atlantic herring). Merluccius

most numerous prey in calf stom- bilinefzris (silYer hake), and Maurolif:us weitzmani (p(?arlsides) eaten by harbor

porpoises during autumn (1989-94) in the Gulf of Maine.
achs and accounted for 53% and

27% of the calf diet by proportion
of total mass, respectively. Only
11% of the ingested mass in calf stomachs comprised though euphausiids and milk were common in the
Atlantic herring (<1% of numerical abundance). Al- calf diet, they were excluded from the analyses of
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Table 4

Relative food importance, measured by frequency of occurrence (%FO), numerical proportion (%Num), and proportion of total
mass (%Mass), in the autumn harbor porpoise diet. Numbers in parentheses refer to frequency of occurrence values found by
Smith and Read (1992) for the summer calf diet of the same population in the Bay of Fundy portion of their range.

Mature females
(n=10)

Mature males
(n=34)

Juvenile females
(n=12)

%FO %Num %Mass %FO %Num %Mass

Calves Juvenile males
(n=13) (n=18)

Food items %FQ %Num %Mass %FO %Num %Mass %FO %Num %Mass
Bathypolypus arcticus 0@ 0 0 0 0 0
Clupea harengus 15(4) «1 11 89 8 44
Gadus morhua 0 0 0 0 0 0
Nlex illecebrosus 00 o0 0 0 0 0
Loligo pealei 0w 0 0 1 <1 1
Maurolicus weitzmani 54 (00 72 53 39 42 1
Meganyctiphanes

norvegica 54 (63) — — 22 — —
Merluccius bilinearis 54(0) 26 27 78 38 31
Myxine glutinosa 8y — — 0 0 0
Pandalus montagui 04 0 0 0 0
Peprilus triacanthus 1510 <1 2 1 1 1
Pollachius virens 00 o 0 6 <1 1
Scomber scombrus 0w 0 0 6 <1 1
Sebastes spp. 2300 1 <1 17 3 <1
Urophycis spp. 150 1 7 39 7 21
Unknown fish 08 0 0 0 0 0
Milk 23(29) — — 0 0 0

0 0 0 3 <1 <1 0 0 0
75 38 66 79 6 66 70 20 35

0 0 0 6 <1 1 10 1 1
17 1 <1 3 <1 <1 20 1 <1
0 0 0 3 <1 1 0 0 0
17 3 <1 41 87 7 30 7 <1
17 - - 9 — — 0 - —
67 50 32 62 4 19 70 65 37
8 - - 3 — — 40 - —
0 0 0 0 0 0 0 0 0
8 1 <1 21 1 1 0 0 0
0 0 0 9 1 2 20 4 10
8 1 <1 15 <1 2 0 0 0
25 1 <1 6 <1 <1 0 0 0
33 6 1 24 1 1 20 2 18
0 0 0 0 0 0 10 2 —
0 0 0 0 0 0 0 0 0

numerical and mass proportions because it was not
possible to quantify their contributions. To facilitate
comparisons between seasons, Table 4 also contains
data from Smith and Read (1992) on the summer
diet of calves from the Bay of Fundy.

Significant differences in stomach contents existed
among the five sex and maturity groups regarding
the mass proportion of Atlantic herring (no. of
cases=87, df=4, K [the Kruskal-Wallis test statistic]
=16.077, P=0.003), the number of Atlantic herring
present (Table 5; K=18.313, P=0.001), and the exist-
ing mass of all stomach contents (K=11.594, P=0.021).
The stomach contents of calves were the most diver-
gent of these three categories and when the Kruskal-
Wallis tests were repeated with calves excluded, none
of the results were significant (Atlantic herring mass
proportion: no. of cases=74, df=3, K= 4.284, P=0.232;
number of herring: K=1.739, P=0.628; existing mass
of stomach contents: K=0.270, P=0.855). No other
significant dietary differences were noted between
any of the sex and maturity groups at the o = 0.05
level.

Qualitative comparisons between lactating and
nonlactating mature females revealed that the
former had higher frequencies of occurrence for most

prey (Table 6). The proportion of total reconstituted
mass represented by herring was much higher in
nonlactating females. The mass proportions of sil-
ver hake and red and white hake were higher in lac-
tating females. It is also interesting to note that three
of five lactating females ate hagfish, a frequency far
greater than that of any other sex and maturity group.

Discussion

Atlantic herring was the most important prey of har-
bor porpoises in the Gulf of Maine during autumn;
silver hake, red and white hake, and pearlsides were
of secondary importance. Although herring was the
most significant prey for porpoises in autumn, it was
not as dominant as in the summer diet in the Bay of
Fundy (Recchia and Read, 1989). Recchia and Read
(1989) found Atlantic herring in 88% of noncalf por-
poise stomachs, contributing 64% of ingested prey
mass; we found herring in 78% of stomachs from
noncalves, contributing 44% of prey mass. The rela-
tive importance of silver hake, of red and white hake,
and of pearlsides was greater in the autumn than in
the summer. For example, pearlsides occurred in 38%
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Table 5
Prey consumption by harbor porpoises of different maturity and reproductive conditions caught incidentally in Gulf of Maine sink
gill nets during autumn 1989-94 (mean * standard deviation). Clup. = Clupea harengus, Maur. = Maurolicus weitzmani, Mer. =
Merluccius bilinearis, and Uroph. = Urophycis spp.
Average mass
Average mass Average no. of stomach Average
of individual prey of individual prey contents no. of

Porpoise prey
groups Clup. Maur. Mer. Uroph. Clup. Maur. Mer. Uroph.  Existing Reconstituted taxa
Calves 57+40 0.92+0.16 19430 42459 0309 106.51269.6 3821742 1550 33123 209 327 24114
Juvenile

males 131435 0.95+0.20 51+56 108+105 42450 21.3+46.8 19.1438.7 3.6+10.8 284+288 1304+1036 3.2+1.3
Juvenile

females 14037 0.9510.01 82178 23+41 6.917.5 0.6+1.7 9.0+19.5 1.0+1.8 3631356 138911166 2.812.4
Mature

males 125430 0.95+0.05 73103 50146 8.1+10.6 117.0%3723 56195 06+16 2741285 1506+1526 2.9+1.5
Mature

females 107 +28 0.87+0.13 77165 3391360 4.417.6 1.6 £3.2 14.3+35.0 0.5+1.3 343 +371 1378 £1996 2.8+1.4

of porpoise stomachs in the autumn, representing
67% of numerical abundance and 3% of food mass Table 6

but were absent from the summer diet. Recchia and
Read (1989) found 11 prey taxa in the stomachs of
127 noncalf porpoises; we found 15 taxa in 82 noncalf
stomachs. These results suggest that the diet of this
population becomes more diverse as porpoises move
out of the Bay of Fundy and into the Gulf of Maine.
At the present time, we do not know whether these
changes reflect seasonal differences in prey availabil-
ity, interannual variability in prey populations, or
choice on the part of foraging porpoises. Neverthe-
less, Atlantic herring remains the single most im-
portant prey of harbor porpoises in the Gulf of Maine
during the autumn.

The size range of prey in the noncalf porpoise diet
is larger in fall than in summer (Recchia and Read,
1989). Porpoises continue to eat large prey during
autumn, such as adult herring and silver hake, but
also eat a substantial number of smaller herring, sil-
ver hake, pearlsides, and red and white hake. The
large standard deviations in Tables 2 and 5 reflect
the wide range of prey sizes eaten.

With the exception of calves, the diet of porpoises
did not vary significantly with age or sex. None of
the comparisons of forestomach content mass, indi-
vidual prey mass, or numbers of prey among the four
noncalf categories yielded significant differences.
Although previous studies of other marine mammal
species have found measurable dietary differences
between lactating and nonlactating adult females
(Bernard and Hohn, 1989; Cockcroft and Ross, 1990;
Cheal and Gales, 1991; Kastelein et al., 1993; Young
and Cockcroft, 1994; Hobson et al., 1997; Robertson

Relative food importance, measured by frequency of occur-
rence (%FO), numerical proportion (%Num), and propor-
tion of total mass (%Mass), in the autumn diets of lactating
and nonlactating mature female harbor porpoises.

Lactating Nonlactating
(n=5) {n=5)

% % % % % %

Prey FO Num Mass FO Num Mass
Clupea harengus 80 7 14 60 52 71
Gadus morhua 20 1 1 0 0 0
Illex illecebrosus 40 1 <1 0 0 0
Maurolicus

weitzmani 0 0 0 60 25 <1
Merluccius

bilinearis 80 87 52 60 13 10
Myxine glutinosa 60 — — 20 — —
Pollachius virens 20 1 5 20 11 19
Urophycis spp. 40 3 28 0 0 0

and Chivers, 1997), small sample sizes in this study
prevented detailed investigation of potential dietary
changes associated with changes in female reproduc-
tive condition. Therefore, the findings on diets of lac-
tating and nonlactating mature females should be
viewed with caution.

At four to seven months of age (Read and Hohn,
1995), calves eat a variety of solid foods and continue
to supplement their diet by nursing. The large stan-
dard deviations for calves in Table 5 may be an indi-
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cation that some porpoise calves begin weaning
sooner than others. The species composition found
in the stomachs of calves in autumn begins to re-
semble that of older animals. However, the propor-
tions of prey types and sizes of prey differ from those
of adults. In autumn, calves eat a greater proportion
of pearlsides and euphausiids than do older animals,
and the sizes of Atlantic herring and silver hake are
smaller than those eaten by older porpoises. Pearl-
sides, euphausiids, juvenile silver hake, juvenile her-
ring, and juvenile red and white hake appear to be
important in the “transitional diet” of calves, as they
learn to forage independently. Calves eat a larger
quantity and greater diversity of solid food in au-
tumn than in the summer (Smith and Read, 1992).
Our observations support and extend the findings of
Smith and Read (1992), who suggested that porpoise
calves eat euphausiids while their mothers are feed-
ing on other euphausiid predators.

Although harbor porpoises prey on some of the
groundfish species targeted by the sink gillnet fish-
ery in the Gulf of Maine, these species contribute
just a small fraction of the overall diet. Furthermore,
the size range of groundfish consumed by porpoises
is much smaller than that targeted by the gillnet fish-
ery because porpoises feed on only the juvenile age
classes of those commercial species. The prey that
represent the bulk of the porpoise diet (i.e. Atlantic
herring, silver hake, and pearlsides) are important
forage items for groundfish targeted by the sink
gillnet fishery (Langton, 1982). These dietary simi-
larities may lead to overlap between the distribu-
tions of groundfish and porpoises, leading both to be
caught in the same nets. Silver hake found in por-
poise stomachs were highly digested (only 0.1% of
silver hake were intact), indicating that they had
been consumed some time prior to entanglement. In
contrast, herring were often found in a relatively
undigested state (15.8% were intact), indicating that
many porpoises had been feeding on herring at, or
just before, the time of entanglement.

Several potential biases should be kept in mind
when interpreting these results. First, all the por-
poises we examined had been killed in gill nets an-
chored to the ocean floor. This capture method may
have led to a bias towards demersal prey and against
pelagic prey. Without comparable samples collected
near the surface, it is not possible to fully address
this potential bias. The samples of Recchia and Read
(1989) and Smith and Read (1992) may be similarly
biased because both studies also obtained samples
from porpoises killed in sink gill nets. Second, dif-
ferential digestion and retention of hard parts are
unavoidable in studies of marine mammal stomach
contents. Consequently, the importance of species

that are resistant to digestion, or that accumulate
in porpoise stomachs, will be overestimated. With-
out empirical data on digestion times for each prey
species, it is not possible to evaluate this potential
bias fully.

A third potential source of bias arises from the dif-
ficulty in discriminating between primary prey (con-
sumed by porpoises) and secondary prey (consumed
by porpoise prey). For example, it is possible that
small organisms, such as pearlsides, euphausiids,
and juvenile silver hake, were secondarily introduced
into the porpoise stomach contents. Careful exami-
nation of species co-occurrences in porpoise stomachs
can provide insights into whether these small organ-
isms were actually eaten by the porpoises. Because
many porpoise prey are euphausiid predators
(Bigelow and Schroeder, 1953; Langton, 1982; Scott
and Scott, 1988), it is difficult to evaluate the likeli-
hood of secondary consumption of euphausiids. How-
ever, two calves had euphausiid remains but no other
solid food in their stomachs, indicating that they had
consumed the euphausiids directly. One calf had
pearlsides remains and a herring in its stomach;
herring are not considered predators of pearlsides
{Bigelow and Schroeder, 1953; Scott and Scott, 1988).
Five calves had remains of pearlsides together with
juvenile red, white, and silver hake less than 57 mm
in length, too small to be predators of pearlsides. We
interpret the co-occurrence of pearlsides and juve-
nile gadiforms in stomachs of calves as an indication
of their preference for small prey, rather than as the
presence of predators and secondary prey in their
stomachs. Among older porpoises, one individual had
pearlsides with no other food remains; four had
pearlsides and herring; one had 13 pearlsides (total-
ing 16 grams), a 14-gram butterfish, and a herring;
and one had 1100 pearlsides (1052 g) and one but-
terfish (6 g). Therefore, it is apparent that porpoises
do indeed prey directly on euphausiids, pearlsides,
and juvenile gadiforms.

In conclusion, the seasonal movements of harbor
porpoises are accompanied by changes in diet. Sea-
sonal movements of porpoises may, in fact, be driven
by their need to maintain proximity to sufficient con-
centrations of prey. Assuming that there have not
been any major shifts in prey availability between
the previous study in the Bay of Fundy (Recchia and
Read, 1989) and the present study, the diet of har-
bor porpoises in the Gulf of Maine during autumn
appears to be more diverse than that of harbor por-
poises in the Bay of Fundy during summer. The win-
ter ecology of this population probably differs also
because many porpoises are believed to leave the Gulf
of Maine and Bay of Fundy region during this sea-
son. Further information on the diet of this popula-
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tion in the winter and spring is required before we
can fully assess the ecological relations between har-
bor porpoises and their prey in this system. We also
suggest that further investigation of the ecological
relations among Atlantic herring, groundfish, and
harbor porpoises may provide information that will
allow improved understanding of the causes of por-
poise entanglement in gill nets and that will perhaps
offer some insight into measures that may mitigate
this problem.

Acknowledgments

We thank fisheries observers from Manomet Obser-
vatory and gillnet fishermen for their perseverance
in obtaining these samples. Many colleagues partici-
pated in porpoise necropsies, including Dave
Johnston, Heather Koopman, Bill McLellan, Kim-
berly Murray, Aleksija Neimanis, John Nicolas, Ann
Pabst, Charley Potter, Butch Rommel, Krystal Tolley,
and Andrew Westgate. Aleksija Neimanis, Pam
Polloni, C.J. Sylvester, and Trevor Spradlin sorted
the contents of numerous stomachs. Amy Williams,
Gina Reppucci, and Kathryn Bisack located missing
data for many porpoises. Richard Harbison provided
the butterfish used to calculate the length and mass
regressions. Tara Cox prepared Figure 1. Comments
and criticism from three anonymous reviewers re-
sulted in a much improved final paper. This work
was funded by Cooperative Agreement NA57FL0557
from the Northeast Fisheries Science Center of the
U.S. National Marine Fisheries Service.

Literature cited

Bernard, H. J., and A. A. Hohn.

1989. Differences in feeding habits between pregnant and
lactating spotted dolphins (Sterella attenuata). J. Mamm.
70:211-215.

Bigelow, H. B., and W. C. Schroeder.

1953. Fishes of the Gulf of Maine. U.S. Fish Wildl. Serv.
Fish. Bull., 53, 577 p.

Bowen, W. D., and G. D. Harrison.

1994. Offshore diet of grey seals, Halichoerus grypus, near
Sable Island, Canada. Mar. Ecol. Prog. Ser. 112:1-11.

Bravington, M. V,, and K. D. Bisack.

1996. Estimates of harbour porpoise bycatch in the Gulf of
Maine sink gillnet fishery, 1990-1993. Rep. Int. Whal.
Comm. 46: 567-574.

Cheal, A. J., and N. J. Gales.

1991. Body mass and foed intake in captive, breeding bottle-
nose dolphins, Tursiops truncatus. Zoo Biology 10:451-
456.

Clarke, M. R.

1962. The identification of cephalopod “beaks” and the re-
lationship between beak size and total body mass. Bull.
British Mus. Nat. Hist. 8:419-480.

1986. A handbook for the identification of cephalopod beaks

[M.R. Clarke, ed.]. Oxford Univ. Press, Oxford. 273 p.
Clay, D., and H. Clay.

1991. Determination of age and growth of white hake
(Urophycis tenuis Mitchell) from the southern Gulf of St.
Lawrence, Canada (including techniques for commercial
sampling). Can. Tech. Rep. Fish. Aquat. Sci. 1828, 35 p.

Cockeroft, V. G., and G. J. B. Ross.

1990. Food and feeding of the Indian Ocean bottlenose dol-
phin off southern Natal, South Africa. In S. Leatherwood
and R. R. Reeves (eds.), The bottlenose dolphin, p. 295-
308. Academic Press, San Diego, CA.

Gannon, D. P, A. J. Read, J. E. Craddock, K. M. Fristrup,
and J. R. Nicolas.

1997a. Feeding ecology of long-finned pilot whales Globi-
cephala melas in the western North Atlantic. Mar. Ecol.
Prog. Ser. 148:1-10.

Gannon, D. P, A. J. Read, J. E. Craddock and J. G. Mead.
1997b. Stomach contents of long-finned pilot whales (Globi-
cephala melas) stranded on the U.S. Mid-Atlantic Coast.
Mar. Mamm. Sci. 13:405-418.
Gaskin, D. E,

1977. Harbour porpoise Phocoena phocoena (L.) in the west-
ern approaches to the Bay of Fundy 1969-1975. Rep. Int.
Whal. Comm. 27:487-492.

1984. The harbour porpoise, Phocoena phocoena (L.): re-
gional populations, status and information on direct and
indirect catches. Rep. Int. Whal. Comm. 34:569-586.

Harkonen, T.

1986. Guide to the otoliths of the bony fishes of the North-
east Atlantic. Danbiu ApS.. Denmark, 256 p.

Hobson, K. A., J. L. Sease, R. L. Merrick, and J. F. Piatt.

1997. Investigating trophic relationships of pinnipeds in
Alaska and Washington using stable isotope ratios of ni-
trogen and carbon. Mar. Mamm. Sci. 13:114-132.

Hunt, J. J.

1992. Morphological characterisitics of otoliths for selected
fish in the northwest Atlantic. J. Northwest Atl. Fish. Sci.
13:63-75.

Jobling, M., and A. Breiby.

1986. The use and abuse of fish otoliths in studies of feed-

ing habits of marine piscivores. Sarsia 71:265-274.
Kastelein, R. A., J. McBain, B. Neurohr, M. Mohri,
S. Saijo, I. Wakabayashi, and P. R. Wiepkema.

1993. The food consumption of Commerson’s dolphins (Cepha-

lorhynchus commersonii). Aquat. Mamm. 19:99-121.
Kohler, A. C., D. N. Fitzgerald, R. G. Halliday, J. S. Scott,
and A, V. Tyler.

1970. Length-mass relationships of the Canadian Atlantic
region. Fish. Res. Board Can. Tech. Rep. 164, 12 p., 199
tables.

Koopman, H. N.

1994. Topographical distribution and fatty acid composi-
tion of blubber in the harbour porpoise, Phocoena pho-
coena. M.S. thesis, Univ. Guelph, Guelph, Ontario,
Canada, 148 p.

Kulka, D. W., and W. T. Stobo.

1981. Winter distribution and feeding of mackerel on the
Scotian Shelf and outer Georges Bank with reference to
the winter distribution of other finfish species. Can.Tech.
Rep. Fish. Aquat. Sci. 1038, 38 p.

Lange, A. M,, and K. L. Johnson.

1981. Dorsal mantle length-total mass relationships of
squids Loligo pealei and Illex illecebrosus from the Atlan-
tic coast of the United States. U.S. Dep. Commer., NOAA
Tech. Rep. NMFS SSRF-745, 18 p.



Gannon et al.: Food habits of Phocoena phocoena

437

Langton, R. W.

1982. Diet overlap between cod, Gadus morhua, silver hake,
Merluccius bilinearis, and fifteen other northwest Atlan-
tic finfish. Fish. Bull. 80:745-759.

Palka, D. L., A. J. Read, A. J. Westgate and
D. W. Johnston.

1996. Summary of current knowledge of harbour porpoises
in U.S. and Canadian Atlantic waters. Rep. Int. Whal.
Comm. 46:559-565.

Parin, N. V., and 8. G. Kobylansky.

1996. Diagnoses and distribution of fifteen species recog-
nized in the genus Maurolicus Cocco (Sternoptychidae,
Stomiiformes) with a key to their identification. Cybium
20(2):185-195.

Polacheck, T., F. W, Wenzel, and G. Early.

1995. What do stranding data say about harbor porpoises
(Phocoena phocoena)? In A. Bjorge and G. P. Donovan
(eds.). Biology of the phocoenids, p. 169-179. Int. Whal.
Comm. special issue 16, Cambridge, UK.

Read, A. J., and D. E. Gaskin.

1988. Incidental catch of harbor porpoise by gill nets. J.

Wildl. Manage. 52:517-523.
Read, A. J., and A. A. Hohn.

1995. Life in the fast lane: the life history of harbor por-
poises from the Gulf of Maine. Mar. Mamm. Sci. 11(4):
423-440.

Read, A. J., S. D. Kraus, K. D. Bisack, and D. Palka.

1993. Harbor porpoises and gill nets in the Gulf of
Maine. Cons. Biol. 7(1):189-193.

Read, A. J, J. R. Nicolas, and J. E. Craddock.

1996. Winter capture of a harbor porpoise in a pelagic drift
net off North Carolina. Fish. Bull. 94(2):381-383.

Read, A. J., and A. J. Westgate.

1997. Monitoring the movements of harbour porpoises (Pho-

coena phocoena) by satellite telemetry. Mar. Biol. 130:315-322.
Recchia, C. A., and A. J. Read.

1989. Stomach contents of harbour porpoises, Phocoena pho-

coena (L.), from the Bay of Fundy. Can.J. Zool. 67:2140-2146.
Robertson, K. M., and 8. J. Chivers.

1997. Prey occurrence in pantropical spotted dolphins, Sten-
ella attenuata, from the eastern tropical Pacific. Fish.
Bull. 95:334-348.

Scott, W. B., and M. G. Scott.

1988. Atlantic fishes of Canada. Can. Bull. Fish. Aquat.

Sci. 219, 731 p.
Sekiguchi, K., and P. B. Best.

1997. Invitro digestibility of some prey species of dolphins.

Fish. Bull. 95:386-393.
Smith, G. J. D,, and D. E. Gaskin.

1974. The diet of harbor porpoises (Phocoena phocoena (L.))
in coastal waters of eastern Canada, with special refer-
ence to the Bay of Fundy. Can J. Zool. 52:777-782.

Smith, R. J., and A. J. Read.

1992. Consumption of euphausiids by harbour porpoise
(Phocoena phocoena) calves in the Bay of Fundy. Can. J.
Zool. 70:629-1632.

Wang, J. Y., D. E. Gaskin, and B. N. White.

1996. Mitochondrial DNA analysis of harbour porpoise,
Phocoena phocoena, subpopulations in North American
waters. Can. J. Fish. Aquat. Sci. 53(7):1632—-1645.

Young, D. D., and V. G. Cockcroft.

1994. Diet of common dolphins (Delphinus delphis) off the
south-east coast of southern Africa: opportunism or
specialization? J. Zool. (Lond.) 234:41-53.



